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�is paper combines virtual simulation technology to improve the traditional foreign language teaching mode. Aiming at the
problems of traditional phase-shift shadow Moiré pro�ler, a three-step quadrature-phase demodulation technique using un-
known phase shift was developed. �en, the paper compares the proposed method with the GS method using MATLAB
simulation. It can be seen from the simulation and demodulation results that the two methods obtain similar results, thus proving
the equivalence of the two methods.

1. Introduction

Virtual simulation experiment foreign language teaching is
an important part of higher education informatization
construction and experimental foreign language teaching
demonstration center construction. It aims to solve many
problems of “cannot do it, cannot do it well, cannot do it at
all, and it’s di�cult to do it” through the deep integration of
information technology, intelligent technology, and exper-
imental foreign language teaching. �erefore, it is a new
form of “intelligence + education” following “Inter-
net + education”. Since the identi�cation of the �rst batch of
foreign language teaching projects of the �rst demonstration
virtual simulation experiments in 2017, under the guidance
of the relevant documents of the Ministry of Education,
colleges and universities across the country highlighted the
student-centered foreign language teaching concept, select
accurate and appropriate foreign language teaching content,
and continuously promote the integration of modern in-
formation technology into experimental foreign language
teaching. Moreover, a series of high-quality virtual simu-
lation experiment foreign language teaching projects have
been successfully developed, providing important support
for the cultivation of high-level innovative talents. By the
end of 2020, colleges and universities have launched 2,079

virtual simulation experiment foreign language teaching
projects on the “iLAB” virtual simulation experiment foreign
language teaching sharing platform. Among them, 728 items
have been recognized by the state, and the foreign language
teaching of virtual simulation experiments has achieved
good stage results. In particular, it should be pointed out that
during the epidemic prevention and control period in 2020,
colleges and universities will give full play to the online
learning advantages of virtual simulation experiment foreign
language teaching projects and provide online experimental
learning resources for college students who cannot return to
school. Moreover, through online teaching, learning, and
other online foreign language teaching activities, the
progress and quality of foreign language teaching in the
special period of the new crown epidemic are guaranteed. In
a broad sense, virtual simulation experiments mainly refer to
various simulation experiments that use computer and
Internet technology to replace traditional real experimental
instruments and equipment with virtual instruments and
equipment.

Scholars and institutions at home and abroad have
discussed which foreign language teaching goals should be
established in the era of arti�cial intelligence and what kind
of abilities should be cultivated for students. At the same
time, some scholars believe that education in the era of
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artificial intelligence should shift from simple knowledge
transfer to the development of multiple abilities, including
creative spirit, humanistic quality, and critical thinking. In
addition, some scholars have proposed that the 4C capa-
bilities should be cultivated in the intelligent era, namely
critical thinking, communication ability, collaboration
ability, and innovation and creativity ability. Constructivist
learning theory believes that the ability to select knowledge
and to “ deposit and withdraw in lump sum” knowledge is
the most critical ability in the age of intelligence. (e ability
to make connections in the age of intelligence is critical.
Many scholars and institutions in the field of deep learning
research believe that the intelligent era should focus on
cultivating knowledge ability, that is, using previously
learned knowledge to support the ability to learn new
knowledge or solve problems in relevant cultural contexts.

Based on the actual needs of foreign language teaching,
this paper applies virtual simulation technology to foreign
language teaching and combines virtual simulation tech-
nology to improve the traditional foreign language teaching
mode to enhance the effect of foreign language teaching.

2. Related Work

In terms of platform construction of virtual learning
communities, some foreign universities have designed
virtual learning communities based on online foreign
language teaching and adopted a hybrid foreign language
teaching method to combine online foreign language
teaching with offline foreign language teaching to create an
open and personalized learning experience has attracted
the attention of many learners [1]. Literature [2] builds a
virtual learning community for computer students, so that
students can use different information technology means to
learn and train in the community, and they can commu-
nicate and exchange learning experiences through inter-
active platforms and reflect on foreign language teaching.
Literature [3] builds a virtual learning community and has
achieved varying degrees of success. Literature [4] con-
ducted a review and research on the relevant literature of
the platform to build a virtual learning community and
found that students can gain more knowledge by discussing
through Wikis and can break through the boundaries of
time and space, so that students can learn more freely.
Although specialized social software and website pro-
gramming software can enhance the interactive function of
teachers and students in virtual learning communities, the
lack of foreign language teaching is caused by the lack of
foreign language teaching factors because the software
designers did not take foreign language teaching into
consideration when developing such software. With the
functions of management and data statistics, teachers do
not supervise the online foreign language teaching in place,
and there are disadvantages such as low self-awareness of
students’ preclass preview and inactive speech in class [5].
Reference [6] selects a specialized foreign language
teaching management platform, Zhidao foreign language
teaching platform, which can provide teachers with a one-
stop service that integrates the creation of flipped

classrooms, foreign language teaching management, data
statistics, and learning situation analysis. Teaching pro-
vides strong technical guarantees and platform support.

In view of the shortcomings of the existing university
virtual learning community evaluation system, literature [7]
proposes a virtual learning community user satisfaction
evaluation system and conducts exploratory and confir-
matory analysis. It is determined by interactive emotion and
utility value. Secondly, building a virtual learning com-
munity with high user satisfaction has also become an
important topic in the study of learner satisfaction. [8]
constructed a user satisfaction model of virtual learning
community from the perspective of ecological learning and
verified the effectiveness and feasibility of virtual learning
community in foreign language teaching [J].

(e traditional virtual foreign language teaching system
mainly exists as the supplementary content of classroom
theoretical study, which is often called “experimental class”.
(ese systems usually have a small number of users who are
learning online at the same time, the foreign language
teaching method is relatively simple, and the number of
foreign language teaching resources is also very limited,
which cannot meet the basic requirements of multiperson
interactive foreign language teaching [9]. Nowadays, on the
one hand, with the continuous development of online
foreign language teaching, the problem that the number of
users increases exponentially with the complexity of foreign
language teaching resources needs to be solved urgently; on
the other hand, for different user groups, these systems
cannot analyze the learning situation and provide person-
alized learning guidance programs, resulting in poor user
experience [10].

Another focus of research on the application of virtual
reality technology in higher education is the design and
development of foreign language teaching resources. One of
the biggest problems with virtual reality using it in foreign
language teaching is content creation [11]. (rough data
analysis, it can be seen that the design and development of
the virtual training platform is a shortcoming of current
related research. In the past ten years, there has been a lack of
innovation and in-depth research on the application of
virtual reality technology in vocational foreign language
teaching, and many teachers in secondary vocational schools
and vocational colleges say that it is difficult to integrate the
virtual reality platform with the foreign language teaching
content of the course.(e fundamental reason is that there is
a big difference between the functional orientation of the
virtual training platform developed by professional com-
panies and the foreign language teaching needs of higher
education, so that teachers cannot use the virtual training
platform to carry out effective foreign language teaching
design and then play a role in assisting foreign language
teaching [12]. To effectively apply virtual reality technology
to foreign language teaching in higher education courses, we
first need a virtual experimental training platform suitable
for various foreign language teaching forms in courses.
(erefore, the development of relevant training platforms
and the research on practical application effects will become
a trend in future research [13].
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(e extensive application of virtual reality technology to
classroom foreign language teaching will inevitably become
the direction of future higher education development. As an
indispensable educational application technology, the in-
depth integration of virtual reality with foreign language
teaching in education will further promote the process of
foreign language teaching reform and improve the foreign
language teaching environment, enrich foreign language
teaching resources, optimize the foreign language teaching
process, and cultivate personalized innovative talents play an
important role [14]. In the educational application of virtual
reality, technology should serve the educational foreign
language teaching process. (e virtual training platform
itself is only a tool. Only when the tool is applied under the
guidance of relevant foreign language teaching theories and
systematic foreign language teaching design models, can the
virtual training platform effectively promote foreign lan-
guage teaching [15]. Although some virtual training plat-
forms are interactive and interesting at present, from the
perspective of foreign language teaching design, this is not
enough to become a platform condition for completing
foreign language teaching goals and tasks. In addition, the
virtual training platform should focus on the comprehensive
demonstration of practical skills for the purpose of foreign
language teaching.

(e application of virtual training system in the field of
higher education is not rare. However, from the perspective
of foreign language teaching system design, these interactive
and interesting virtual training platforms do not fully
consider the actual needs of teachers and students in the
process of foreign language teaching, and the equipment
functions are difficult to meet the needs of actual operation.
In the process of using it, there is no systematic foreign
language teaching strategy to guide, there is no specific
evaluation index for evaluation, and it does not have the
platform conditions to complete the foreign language
teaching goal [16].

3. Phase Shift Shadow Moiré Fringe Pattern by
Orthonormalizing Method

(e fixed-step phase-shift method requires that the amount
of phase shift to be changed each time is a known fixed value
(such as π/2, π/3, and 3π/2rad). (erefore, in order for this
algorithm to accurately obtain the phase information of the
object, it is necessary to collect multiple frames of fringe
images with known phase shifts for calculation. Typical
fixed-step phase-shifting algorithms include three-step
phase-shifting, four-step phase-shifting, and five-step phase-
shifting. Now, we briefly introduce the three-step phase-shift
method.

Generally, the intensity of the fringe pattern observed by
the camera can be expressed as [17]

I � a(x, y) + b(x, y)cos
2π
p

dz

h + z
􏼠 􏼡. (1)

(e meaning of each parameter in expression (1) is the
same as the formula. (e grating is moved twice by the

vertical grating surface, and the distance of each movement
is Δh, and then,

In(x, y) � a(x, y) + b(x, y)cos[ϕ(x, y),

+nΔ(x, y)], n � 0, 1, 2,
(2)

where ϕ(x, y) is the phase, and Δ(x, y) is the introduced
phase shift, respectively.

ϕ(x, y) �
2π dz

p(h + z)
, (3)

Δ(x, y) �
2π dn Δh
p(h + z)

. (4)

Formula (4) shows that Δ(x, y) is related to height. Since
h≫ z can be guaranteed in the experiment, the nonlinear
effect can be ignored, and the measured phase can be
extracted by using the three-step π/2-phase-shift algorithm
by designing a reasonable Δh.

In the traditional three-step π/2-phase shift method, it is
necessary to collect three frames of fringe images and move
the measured object twice, and the relative phase shift of two
adjacent frames is π/2, and then, the light intensity ex-
pressions can be expressed as [18]

I1(x, y) � a(x, y) + b(x, y)cos[φ(x, y)], (5)

I2(x, y) � a(x, y) + b(x, y)cos φ(x, y) +
π
2

􏼔 􏼕, (6)

I3(x, y) � a(x, y) + b(x, y)cos[φ(x, y) + π]. (7)

By combining formulas (5)–(7), we can get
2I2 − I1 − I3

I3 − I1
� tan(φ). (8)

(e phase solution formula of the three-step phase-shift
method calculated by the formula (8) is

φ � arctan
2I2 − I1 − I3

I3 − I1
􏼠 􏼡. (9)

It can be seen that when the h≫ z condition is applied,
the phase shift introduced by the shadow Moiré can be
considered as uniform in the whole field, and the nonlinear
error can be considered negligible at this time, so the three-
step phase-shift method can be applied. However, the phase-
shift shadow Moiré has a principle error, and the three-step
π/2 phase-shift algorithm is sensitive to the phase-shift error
and has no compensation ability, and the phase shift in-
troduced here is required to be 90∘. Such harsh conditions
cannot be guaranteed in actual measurement, so the error of
applying this algorithm is large.

(e nonfixed-step phase-shift method has no special
requirements on the phase-shift value, and it can also be
calculated without knowing the phase-shift value. (e
commonly used nonfixed-step phase-shift algorithms in-
clude the improved iterative method and principal com-
ponent analysis method.
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3.1. Improved Iterative Algorithm. (e first step of the im-
proved iterative algorithm is to determine the initial iterative
value; that is, on the basis of assuming that the phase-shift
amount is known, a set of phase-shift values are set as the
initial value of the iterative operation phase-shift amount.
(en, it performs repeated iterative operations on the phase
shift and the phase to be measured according to the principle
of least-squares error estimation until the convergence
conditions are met.(is method can obtain both the value of
the phase to be measured and the value of the phase shift.
(e following is the principle analysis of the algorithm.

(e light intensity expression of the n-th fringe pattern
can be expressed as [19]

In(x, y) � a(x, y) + b(x, y)cos φ(x, y) + δn􏼂 􏼃. (10)

For the convenience of description, the above formula is
rewritten as

I
t
n,k � An,k + Bn,k cos φk + δn􏼂 􏼃, (11)

where k � 1, 2, . . . , K; K is the total number of pixels in the
fringe image per frame. (e superscript t indicates the
theoretical value of the light intensity.

(e first step of the algorithm iteratively solves the value
of the phase to be measured pixel by pixel.

We assume that the background item Ak and the
modulation item Bk have no change in the temporal dis-
tribution, and in the spatial distribution, they are only re-
lated to the position of the pixel; that is, A1k � A2k �

A3k � · · · � ANk, B1k � B2k � B3k � · · · � BNk. At this point,
we define ak � An,k, bk � Bn,k cos(φk) and ck � Bn,k sin(φk)

and rewrite formula (11) as [20].

I
t
n,k � ak + bk cos δn( 􏼁 + ck sin δn( 􏼁. (12)

If δn is known and N is the total number of fringe
patterns, there are 3K last known numbers and N × K

equations. (ese unknown parameters in formula (11) can
be obtained by the least-squares error estimation method.
(e least-squares error Sk can be expressed as

sk � 􏽘
N

n�1
I

t
n,k − In,k􏼐 􏼑

2
,

� 􏽘

N

n�1
ak + bk cos δn( 􏼁 + ck sin δn( 􏼁 − In,k􏼐 􏼑

2
,

(13)

where In,k is the light intensity of the kth pixel in the nth
frame fringe image. If n is known, then, according to the
least-squares rule, there are

zSk

zak

� 0,

zSk

zbk

� 0,

zSk

zck

� 0.

(14)

It can be obtained from the above formula

Xk􏼈 􏼉 � [A]
− 1

Bk􏼈 􏼉. (15)

Among them,

Xk􏼈 􏼉 � ak bk ck􏼈 􏼉
T
, (16)

[A]

M 􏽘
N

n�1
cos δn( 􏼁 􏽘

N

n�1
sin δn( 􏼁

􏽘

N

n�1
cos δn( 􏼁 􏽘

N

n�1
cos2 δn( 􏼁 􏽘

N

n�1
cos δn( 􏼁sin δn( 􏼁

􏽘

N

n�1
sin δn( 􏼁 􏽘

N

n�1
sin δn( 􏼁cos δn( 􏼁 􏽘

N

n�1
sin2 δn( 􏼁

⎡⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣

⎤⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦

,

(17)

Bk􏼈 􏼉 � 􏽘
N

n�1
In,k 􏽘

N

n�1
In,k cos δn( 􏼁 􏽘

N

n�1
In,k sin δn( 􏼁

⎧⎨

⎩

⎫⎬

⎭

T

. (18)

In formula (14), [A] is a nonsingular matrix.
From formulas (15)–(18), ak, bk and ck can be obtained,

and then, the phase to be measured is

φk � arctan
−ck

bk

􏼠 􏼡. (19)

3.1.1. Step 2: )e Algorithm Iteratively Solves the Phase-Shift
Amount Frame by Frame. In this step, it is assumed that An,k

and Bn,k are invariant in the spatial domain distribution and
change in the time-domain distribution. At this time, these
two parameters become time-domain variables related to the
number of fringe image frames; that is, An1 � An2 � An3 �

. . . � AnK, Bn1 � Bn2 � Bn3 � . . . � BnK. At this time,
an
′ � An,k, bn

′ � Bn,k cos(δn), cn
′ � −Bn,k sin(δn) can be de-

fined, and the theoretical value of the light intensity of the
fringe pattern can be expressed as

I
t
n,k � an
′ + bn
′ cos φk( 􏼁 + cn

′ sin φk( 􏼁. (20)

In the first step, the phase φk to be measured has been
obtained, and its value has become a known quantity at this
time. (ere are N × K equations in formula (20). By the
least-squares method, the three unknown parameters in
formula (20) can be obtained. (e least-squares error sn

′ can
be expressed as

sn
′� 􏽘

K
I

t
n,k − In,k􏼐 􏼑

2
� 􏽘

K

an
′+ bn
′cos φk( 􏼁 + ck sin φk( 􏼁 − In,k􏼐 􏼑

2
.

(21)

According to the least-squares rule, there are

zSn
′

zan
′

� 0,
zSn
′

zbn
′

� 0,
zSn
′

zcn
′

� 0. (22)

It can be obtained from the above formula

Xn
′􏼈 􏼉 � A′􏼂 􏼃

− 1
Bn
′􏼈 􏼉. (23)

Among them,
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Xn
′􏼈 􏼉 � an
′ bn
′ cn
′􏼈 􏼉

T
, (24)

A′􏼂 􏼃 �

K 􏽘
N

n�1
cos φk( 􏼁 􏽘

N

n�1
sin φk( 􏼁

􏽘

N

n�1
cos φk( 􏼁 􏽘

N

n�1
cos2 φk( 􏼁 􏽘

N

n�1
cos φk( 􏼁sin φk( 􏼁

􏽘

N

n�1
sin φk( 􏼁 􏽘

N

n�1
sin φk( 􏼁cos φk( 􏼁 􏽘

N

n�1
sin2 φk( 􏼁

⎡⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣

⎤⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦

,

(25)

Bn􏼈 􏼉 � 􏽘
K

k�1
In,k 􏽘

K

k�1
In,k cos φk( 􏼁 􏽘

K

k�1
In,k sin φk( 􏼁

⎧⎨

⎩

⎫⎬

⎭

T

. (26)

From formulas (23)–(26), an, bn, cn can be solved, and
then, the phase shift δn is

δn � arctan
−cn
′

bn
′􏼠 􏼡. (27)

3.1.2. Step 3: Convergence Conditions

Iterative Calculation. (e algorithm selects a certain value
for the phase shift as the initial iterative value and substitutes
the phase value obtained in the first step into the second step
to obtain the value of the phase shift. (en, the algorithm
takes the phase shift obtained in the second step as the new
initial value of the iteration, repeats the first and second
steps, and repeats the cycle until the value of the phase shift
reaches the convergence condition, at which point the it-
eration stops. Its convergence condition is

δj
n − δj

i􏼐 􏼑 − δj−1
n − δj−1

i􏼐 􏼑
􏼌􏼌􏼌􏼌􏼌

􏼌􏼌􏼌􏼌􏼌< ε, (28)

where j is the number of iteration, and ε is a small preset
value, such as 10− 4, which reflects the precision requirement
of the iteration.When the convergence condition is satisfied,
the iteration stops, and the phase to be measured and the
phase-shift amount obtained at this time are the values
obtained in the first and second steps of the last iteration,
respectively.

3.2. Principal Component Analysis. (e method of trans-
forming a plurality of related variables into a small number
of mutually unrelated variables through orthogonalization is
called principal component analysis (PCA), which is a
multivariate analysis method. (e algorithm principle is as
follows.

(e light intensity of the nth phase-shift fringe pattern is

In,k � ak + bk cos φk + δn( 􏼁. (29)

For the convenience of expression, the two dimension is
changed to one dimension, and the light intensity of the
reconstructed fringe pattern can be expressed as

In � a1 + b1 cos φ1 + δn( 􏼁a2 + b2 cos φ2 + δn( 􏼁 . . . aK􏼂

+bK cos φK + δn( 􏼁􏼃.
(30)

At this time, the light intensity of each fringe image is a
row vector with dimension 1 × K, and K represents the total
number of pixels in each fringe image.

Any phase-shift fringe pattern can be composed of two
orthogonal signals, that is, the linear combination of
bk cos(φk) and bk sin(φk), and k represents the coordinates
of each pixel after reconstruction. (e setting of the weight
coefficient of the quadrature signal is different, and the
phase-shift fringe pattern formed will be different. (ere-
fore, PCA can be used to extract the two quadrature signals
in the fringe pattern, and then, the phase to be measured can
be recovered by the arctangent function. Its phase recovery
principle is as follows.

(e light intensity of the collected N frames of fringe
images is represented by a matrix as

x � I1,k, I2,k, . . . , IN,k􏽨 􏽩
T
. (31)

Substituting formula (29) into formula (30), we get

x �

a1 + b1 cos φ1 +δ1( 􏼁a2 + b2 cos φ2 +δ1( 􏼁 . . .aK + bK cos φK +δ1( 􏼁

a1 + b1 cos φ1 +δ2( 􏼁a2 + b2 cos φ2 +δ2( 􏼁 . . .aK + bK cos φK +δ2( 􏼁

. . . . . . . . . . . .

a1 + b1 cos φ1 +δN( 􏼁a2 + b2 cos φ2 +δN( 􏼁 . . .aK + bK cos φK +δN( 􏼁

⎡⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣

⎤⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦

.

(32)

Time-domain averaging is used to extract the back-
ground term ak

ak ≈ mx􏼈 􏼉k �
1
N

􏽘

N

n�1
In,k. (33)

(e fringe image after filtering out the background items
is 􏽥x(􏽥x � x − mx), where 􏽥x can be expressed as

􏽥x �

b1 cos φ1 +δ1( 􏼁b2 cos φ2 +δ1( 􏼁 . . .bK cos φK +δ1( 􏼁

b1 cos φ1 +δ2( 􏼁b2 cos φ2 +δ2( 􏼁 . . .bK cos φK +δ2( 􏼁

. . . . . . . . . . . .

b1 cos φ1 +δN( 􏼁b2 cos φ2 +δN( 􏼁 . . .bK cos φK +δN( 􏼁

⎡⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣

⎤⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦

.

(34)

Among them, 􏽥xn,k � bk cos(φk)sin(δn) − bk sin(φk)

sin(δn), and cn � cos(δn), sn � sin(δn), uk � bk cos(φk),

vk � −bk sin(φk). (e elements in the matrix can be written
as 􏽥xn,k � cnuk + snvk, so the covariance matrix can be written
as

Ci,j � 􏽘
K

k�1
cluk + sivk( 􏼁 cjuk + sjvk􏼐 􏼑. (35)

By expanding formula (35), we can get

Ci,j � 􏽘
K

k�1
cicjukuk + sisjvkvk + cisj + cjsl􏼐 􏼑ukvk􏼐 􏼑. (36)
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We set Ai,j � cicj, Ft,j � sisj, E1,j � cisj + cjsi, and for-
mula (36) can be rewritten as

Ci,j � 􏽘
K

k�1
Ai,jukuk + Fi,jvkvk + E1,jukvk􏼐 􏼑. (37)

If the number of fringes in the fringe pattern is >1, the
following approximate conditions exist:

􏽘

K

k�1
ukvk � 􏽘

K

k�1
b
2
k cos φk( 􏼁sin φk( 􏼁≪􏽘

K

k�1
b
2
kcos

2 φk( 􏼁 � 􏽘
K

k�1
ukuk,

(38)

􏽘

K

k�1
ukvk � 􏽘

K

k�1
b
2
k cos φk( 􏼁sin φk( 􏼁≪􏽘

K

k�1
b
2
ksin

2 φk( 􏼁 � 􏽘
K

k�1
vkvk.

(39)

At this time, the covariance matrix can be simplified as

C � αA + βF, (40)

where α � 􏽐
K
k�1 ukuk, β � 􏽐

K
k�1 vkvk. For the fringe pattern of

the same sequence, it is usually considered that α, β is a
constant. A and F are matrices of N × N.

A � cos δ1( 􏼁cos δ2( 􏼁 . . . cos δN( 􏼁􏼂 􏼃
T

cos δ1( 􏼁cos δ2( 􏼁 . . . cos δN( 􏼁􏼂 􏼃,
(41)

F � sin δ1( 􏼁sin δ2( 􏼁 . . . sin δN( 􏼁􏼂 􏼃
T

sin δ1( 􏼁sin δ2( 􏼁 . . . sin δN( 􏼁􏼂 􏼃.
(42)

It is easy to get that the ranks of A and F are both 1, and
both A and F have only one eigenvalue and eigenvector. (e
eigenvalues of the two matrices are

λA � 􏽘

N

n�1
cos2 δn( 􏼁,

λF � 􏽘
N

n�1
sin2 δn( 􏼁.

(43)

(e corresponding eigenvectors are

wk �
cos δ1( 􏼁cos δ2( 􏼁 . . . cos δN( 􏼁

λk

􏼢 􏼣

T

,

wF �
sin δ1( 􏼁sin δ2( 􏼁 . . . sin δN( 􏼁

λF

􏼢 􏼣

T

.

(44)

(erefore, the rank of the covariance matrix C is 2, and
there are two eigenvectors. If the phase shift of the fringe
pattern is uniformly distributed in [0, 2π], then the following
approximation can be made:

􏽘

N

n�1
cos δn( 􏼁sin δn( 􏼁 � 0. (45)

(erefore,

AwF � 0,

FwA � 0.
(46)

From this, the two eigenvalues of the covariance matrix
are λ1 � αλA, λ2 � βλF, and the eigenvectors are
w1 � wA, w2 � wF. At this time, the covariance matrix C is
diagonalized to obtain the diagonal matrix D, and the
corresponding orthogonal transformation matrix is denoted
as U.(e first and second principal components of the fringe
image can be obtained by performing the Hotelling trans-
form on the matrix U. Combined with the approximation
condition (45), we can obtain

y1,k �
1
λA

􏽘

N

n�1
bk cos φk + δn( 􏼁cos δn( 􏼁 � bk cos φk( 􏼁, (47)

y2,k �
1
λF

􏽘

N

n�1
bk cos φk + δn( 􏼁sin δn( 􏼁 � −bk sin φk( 􏼁. (48)

From formulas (47) and (48), the phase to bemeasured is

φk � arctan
−y2,k

y1,k

􏼠 􏼡. (49)

(rough the analysis of the algorithm principle of PCA, it
can be seen that the PCA method based on the multiframe
fringe pattern has the characteristics of high precision and can
determine the measurement phase while obtaining the in-
troduced phase shift. However, this method requires that the
introduced phase shift must be strictly distributed in the
[0, 2π] range, so it lacks flexibility in application. Moreover,
the algorithm does not effectively solve the problem of re-
moving the fringe pattern background, so this paper proposes
to develop a quadrature-phase demodulation technique using
an unknown phase shift.

For the convenience of expression, (x, y) is removed
from the derivation of the formula. We assume that the
phase-shift fringe images of different frames have the same
background term, and the difference between the fringe
images of different frames is obtained by the light intensity.

R1 � I0 − I1( 􏼁

2 � b sin(δ/2)sin(φ + δ/2) � b′ sin(φ)

R2 � I1 − I2( 􏼁

2 � b sin(δ/2)sin(φ + 3δ/2) � b′ sin(φ + δ)

⎧⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎩

⎫⎪⎪⎪⎪⎪⎪⎬

⎪⎪⎪⎪⎪⎪⎭

, (50)

where φ � ϕ + δ/2. According to the knowledge of linear
algebra, any phase-shift sequence can be represented by a
two-dimensional vector space. (erefore, two orthogonal
fringe graphs are constructed by applying the Clem–Smitt
orthogonalization; namely,

R1 �
R1

R1
����

����
�

b′ sin(φ)

b′ sin(φ)
����

����
, (51)

􏽢R2 � b′ sin(φ+δ)− 􏽘
m

􏽘
n

b′
2 sin(φ+δ)sin(φ)⎡⎣ ⎤⎦ ·

b′ sin(φ)

b′ sin(φ)
����

����
2.

(52)
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In formula (51), ‖b′ sin(φ)‖ �

������������������

〈b′ sin(φ), b′ sin(φ)〉

􏽱

is
the Euclidean distance of the vector; <.> represents the inner
product operation of the two vectors. In order to improve
the measurement accuracy, it is necessary to ensure that the
collected fringe pattern contains more periodically changing
fringes (i.e., the number of fringes >1). (e approximate
relationship can be obtained.

􏽘
m

􏽘
n

sin2(φ)cos
δ
2

􏼠 􏼡≫ 􏽘
m

􏽘
n

cos(φ)sin(φ)sin
δ
2

􏼠 􏼡}

b′(x, y)sin(φ)
����

���� ≈ b′(x, y)cos(φ)
����

����

⎧⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎩

⎫⎪⎪⎪⎪⎪⎬

⎪⎪⎪⎪⎪⎭

.

(53)

Furthermore, we can get

􏽢R2 ≈ b′ cos(φ)sin
δ
2

􏼠 􏼡. (54)

By combining formula (51), we can get the following
formula:

φ � arctan
􏽥R1
􏽥R2

􏼠 􏼡. (55)

Obviously, to obtain the final measured phase ϕ(x, y),
the phase obtained by formula (56) needs to be further
transformed. To get ϕ(x, y), we first decompose R2 into small
pieces of 3 × 3. (en, the phase is marked as φ1,φ2 . . .φ9, the
intensity is marked as R2(1), R2(2) . . . R2(9), and the phase
shift is marked as δ. Formula (50) can be written as

R2�b′ cos(δ)sin(φ)+b′ sin(δ)cos(φ)�m· sin(φ)+n· cos(φ).

(56)

Rewriting formula (57) into matrix form, we get

JX � I. (57)

In formula (58):

J �

sin φ(1) cos φ(1)

sin φ(2) cos φ(2)

⋮ ⋮
sin φ(9) cos φ(9)

⎡⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣

⎤⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦
,

X �
m

n
􏼢 􏼣,

I �

R2(1)

R2(2)

⋮
R2(9)

⎡⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣

⎤⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦
.

(58)

In the sense of least squares, the unknown quantity X in
formula (58) can be solved, so that it can be seen from
formula (59) that, assuming that the introduced phase shifts
are equal but unknown, the introduced phase shifts can be
extracted according to the fringe pattern data by combining
the least-squares method and the Clem orthogonalization
method.(erefore, the proposed method has the property of
self-calibration. (en, we can get

ϕ(x, y) � φ(x, y) − δ. (59)

Finally, the measured height of the three-dimensional
object is obtained as

z �
phϕ

2π d − pϕ
. (60)

(e relevant functions in the simulation analysis are
defined as

Phase function: ϕ(x, y) � 6 peaks0(peaks is aMATLAB
function)
Modulation factor: b � 10− 4 exp[−0 · 5(x2 + y2)]

(e phase shift between adjacent stripes is a random
number between (0, π), the coordinate range is 0 · 1≤ x≤ 3·

1mm, 0 · 1≤y≤ 3 · 1mm, and the signal-to-noise ratio is set
to 5%.

(erefore, the two sets of light intensity distributions
that can be simulated are

ISn
� b sin(ϕ + δ) + nrand(.) and ICn

� b cos(ϕ + δ) + nrand(.),

(61)

where rand(.) is the additive Gaussian noise function
generated by MATLAB, and n is the signal-to-noise ratio.
Figure 1 shows the theoretical phase diagram of the simu-
lation. Figure 2 shows the result of analog demodulation.

Figures 2(a) and 2(b) show that the two methods yield
similar wrapped phase diagrams, the RMS error of the errors
between the two methods and the reference phase diagram.
(e simulation comparison shows that the two methods get
similar results. (e equivalence of the two methods is thus
proved.

4. Foreign Teaching System Based on Virtual
Simulation Technology

In the virtual foreign language teaching system, after log-
ging in to the virtual foreign language teaching system

Figure 1: (eoretical wrapping phase diagram.
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(a) (b)

Figure 2: Simulation demodulation results. (a) (e proposed method. (b) GS method.

Recommendation algorithm for personalized teaching resources based on time
effect

Load balancing scheme of cloud computing based on interest

User teaching
collaboration

User personal
information

Virtual simulation
experiment

Personalized teaching guidance program User learning behavior

Data storage server Data Analysis Server

General teaching resource
module

Virtual simulation
experiment resource module

Recommended
engine

MapReduce

Spark

HBase

HDPS

Application end

Optimization Experience

WIFI/Ethernet WIFI/Ethernet

Cloud ends

LoadAdjust

Figure 3: Architecture diagram of virtual foreign language teaching system.

8 Advances in Multimedia



through web page registration, users can obtain foreign
language teaching resources from the cloud and conduct
virtual foreign language teaching experiments. (en, the
user’s personal information, the user’s experimental be-
havior, the interaction behavior of collaborating with
others’ experiments, and the results of the experiment will
be fed back to the cloud for data analysis. Finally, the

system formulates a follow-up personalized learning
guidance plan according to each user’s learning and ex-
perimental situation to achieve the basic goal of person-
alized foreign language teaching, as shown in Figure 3.

For the virtual foreign language teaching system, with
the increase of information processed by users and the si-
multaneous online and offline situations, some servers in the

S1 S2 St Sn Sn

VM0 VMk

VMm

VM0 VMk

VMm

...

...

...

... ... ...

...

Overload server Free server

Migrate the
virtual

machine
selection

Virtual machines
needed to migrate

Target server
selection

Migrate to

Figure 4: Virtual machine migration method.

Calculate the virtual machine
loads and hotspot degree on the

overload server and form a
candidate virtual machine set

Find the virtual machine with the
highest hotspot degree value in
the candidate set and remove it

from the candidate set

Add the virtual machine to the
migration group G

Whether the
migration group load
reaches the load to be

migrated

Whether
the candidate set is

empty

Select the virtual machine
that interacts most closely

with Gaccording to the
interest degree, and remove it

from the candidate set

Add the virtual machine to
the migration group G

Obtain the virtual
machine migration

group G

Start building the
virtual machine

migration group G

Whether the
migration group load
reaches the load to be

migrated

Yes

Yes

Yes

No

Figure 5: (e process of building a virtual machine migration group.
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cloud data center will have a load imbalance. In order to
ensure cloud computing load balancing, it is necessary to
follow certain rules for the overall load set of the server and
divide it intomultiple parts in a reasonable way for the server
to manage. Finally, the reallocation of the server load is

completed, which greatly reduces the resource overhead, as
shown in Figure 4.

First, the system determines the load requirements to be
migrated, finds out the virtual machines with the largest load
to form the initial group, and then selects the virtual

User

Scocore prediction of each
knowledge point

Knowledge point priority
learning list

Virtual simulation
experiment

resource module

General teaching
resource module

Knowledge point
center degree

Course knowledge
map

Lost points in the
user experimental

steps

User assistance on
experiments

 RecommendRegister and login

User personal
information

Virtual simulation
experiment

Personalized teaching
guidance programUser learning behavior

Application end

Request Response Analysis result 

Cloud ends

Recommended
engine

MapReduce

Spark

 HBase

HDPS

Data
acquisition 

Data
analysis

(a)

 Application layer

Network layer 

Perception layer
(virtual)

State switch
control

Air temperature
monitoring

Light
monitoring

Soil moisture
monitoring ......

Data storage server
 Dta

communications
server

Light sensor

Soil moisture sensor ...Intelligent lamps and
lanterns

WIFI module Temperature and
humidity sensor

WIFI/4G

WIFI/Ethernet

(b)

Figure 6: Implementation of system function modules. (a) Implementation of the basic architecture of the system. (b) Foreign language
teaching module structure (taking the Internet of (ings experiment as an example).
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machines that frequently interact with the members of the
group according to the degree of interest and expands the
initial group. (irdly, the system calculates whether the
server load after entering the group meets the standard. If it
meets the standard, the system will continue to select and
add until the standard is met and finally complete the se-
lection of the virtual machine migration group. (e specific
implementation process is shown in Figure 5.

After data analysis, a multifactor knowledge point
correlation matrix can be constructed, and the analysis
results of the user’s mastery of each knowledge point can be
obtained based on the matrix decomposition technology of

the improved latent semantic model. According to the
analysis results, the system will provide each user with a
recommended list of knowledge point priorities to achieve
the basic goal of personalized foreign language teaching.(e
basic architecture of the system is shown in Figure 6(a).

(e user’s mastery of each knowledge point is obtained
by analyzing the behavior data of the user participating in
the test function of the virtual foreign language teaching
system. After logging in to the virtual foreign language
teaching system through registration, users can participate
in the virtual foreign language teaching test session. (is
section takes the Internet of (ings foreign language

Server management center Server management center

Server link management Resource management
center Server link management

TCP link managementTCP link
management

TCP link
management

TCP link
management

Returns the
information

[reply]

Send a load
balance request

[Req]
[reply]

Send a load
balance request

[Req]

Link build
request / reply

[req / reply]

Migration
information

[reply]

Intify the overload
server and get ready
for migration [req]

Migration
information

[reply]

Link build
request / reply

[req / reply]

Overload server Free server

Server overload
detection

Build the virtual machine
migration group G based

on the interest
Pack the server load

information

[req]/[reply]

Intify the
overload server

and get ready for
migration [req]

Figure 7: (e selection process of the target server.

(a) (b)

Figure 8: Example of foreign language teaching simulation. (a) Construction of virtual portraits in foreign language teaching. (b)
Construction of foreign language teaching background.
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teaching test as an example to introduce the implementation
process of this part. (e realization of the virtual foreign
language teaching part of the Internet of (ings simulates
the three-tier architecture of the Internet of (ings, and the
architecture of this part is shown in Figure 6(b).

(e target server selection process is shown in Figure 7.
On the basis of the above research, the simulation of

foreign language teaching is carried out. Figure 8 shows an
example of the simulation of foreign language teaching.

On the basis of the above research, the effect of the
foreign language teaching method based on virtual simu-
lation technology proposed in this paper is verified, and the
effect of virtual simulation teaching is counted, and the
results shown in Table 1 are obtained.

From the above experimental results, it can be seen that
virtual simulation technology can play an important role in
foreign language teaching, effectively improve the quality of
foreign language teaching, and is of great significance to the
cultivation of foreign language talents.

5. Conclusion

With the development of the undergraduate foreign lan-
guage teaching quality project and the advancement of first-
class curriculum construction, the construction of virtual
simulation experiment foreign language teaching projects is
gradually enriched and systematic. (is pushes the virtual
simulation experiment of foreign language teaching to
gradually explore the balanced relationship of the experi-
mental foreign language teaching content system and in-
novate the online and offline hybrid foreign language
teaching mode and other reform and development “deep-
water areas”. Timely “review” is an important prerequisite
for avoiding detours and scientific development. Macro-
scopically analyzing and studying the basic situation, re-
search hotspots and development trends of foreign language
teaching in virtual simulation experiments in my country in
recent years are of great significance for the further

development of foreign language teaching in virtual simu-
lation experiments. (is paper applies virtual simulation
technology to foreign language teaching and combines
virtual simulation technology to improve the traditional
foreign language teaching mode. (e experimental results
show that virtual simulation technology can play an im-
portant role in foreign language teaching, effectively im-
prove the quality of foreign language teaching, and is of great
significance to the cultivation of foreign language talents.
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